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 Abstract 
Accuracy of a projectile is typically quantified as the proportion of successful target hits, or 
the distance an object finishes from the target. Serving in sports such as badminton differs 
since the shuttlecock is usually intercepted by the opponent before landing on the target 
(i.e. court surface). Therefore, landing accuracy measures are inappropriate and a new 
method of determining accuracy of the serve is needed. During interviews, elite coaches 
and players described an accurate short serve as crossing the net with low clearance and 
having an apex before the net. Three-dimensional trajectory of the shuttlecock was 
therefore tracked from eight national-level players who performed 30 short serves in 
simulated match conditions (i.e. with an opponent). 27% of all serves were classified as 
‘accurate’, 27% of serves as ‘inaccurate’, 21% with a ‘good apex’ position, and 25% with a 
‘good clearance’ height. The proposed method of assessing shuttlecock trajectory as a 
measure of accuracy could be adopted by coaches and players to assess and improve short 
serve accuracy. Furthermore, this method is more representative of a match environment 
since the shuttlecock rarely lands because the opponent returns the serve. 
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 Introduction 
In many sports involving projectiles, such as balls, arrows and shuttlecocks, the accuracy of 
projecting the object to a specific place on a field, court or target is important for success 
[1,2]. Performance is often evaluated from endpoint accuracy, i.e. either hitting the target, 
or by how far the object finishes from the target [3]. For example, in throwing darts, points 
are scored depending on where the dart lands on the board [4], and in goal-based sports 
such as soccer and hockey the ball must land within the net [5,6]. How accurately the task 
is performed will subsequently influence game-play, as well as the outcome of the match 
[7]. 
However, accuracy definition is specific to a sport. For example, free throw accuracy in 
competitive basketball games is assessed by counting the success rate of all throws [8,9]. In 
baseball pitching, the functional throwing-performance index measures accuracy by the 
number of throws landing within the target square [3,10,11]. Tennis coaches determine the 
accuracy of groundstrokes by using target areas in the opponent’s side of the court, lower 
scores for balls landing short and down the middle of the court, and higher scores for balls 
landing toward the side and top areas of the court [13].  
Badminton is another sport where projectile accuracy (shuttlecock) is important, yet 
although the shuttlecock usually does not land because the opponent intercepts it before it 
can reach court floor, similar protocols have been used to measure serve accuracy. There 
are four types of serves performed in competitive badminton matches, however the 
participants of this study were part of the national doubles badminton squad, thus the 
short serve was chosen to analyse since it is the most commonly used type of serve in the 
doubles discipline. The short serve - sometimes referred to as the ‘low’ serve – is where the 
shuttlecock travels very close to the net and drops steeply has it passes over the net. One of 
the first tests developed to measure short serve accuracy was the French short serve test 
 [13], which uses a tight rope placed 20 cm above the net and small targets in the 
opponent’s service square. Serves are scored based on whether the shuttlecock travels 
underneath the rope (i.e. between the net and rope) and the point of landing of the 
shuttlecock. Other tests use ground-based targets and accuracy is measured according to 
the landing location of the shuttlecock, but net clearance is not considered [4]. In training, 
players often perform hundreds of serves per session to a target in the opponent’s service 
square without a receiver, with serve accuracy based on the landing location. Nonetheless, 
a projectile can land in the same location with varying trajectories, i.e. two projectiles 
following distinctly different trajectories can have the same “accuracy” [14,15]. Landing 
accuracy is currently the only method used to assess short serve accuracy, however, In a 
match the shuttlecock does not usually land on the ground because it is hit back by the 
opponent, so the training task is not perfectly relevant to match conditions. Therefore 
landing accuracy is not a suitable measure of accuracy. Using a location that is not often 
reached is therefore inappropriate to measure serve accuracy. The participants of this 
study were part of the national doubles badminton squad, thus the short serve was the 
chosen serve to analyse since it is the most commonly used type of serve in the doubles 
discipline. Therefore, the purpose of this study was to develop a new method that better 
reflects match conditions to measure short serve accuracy by using the trajectory of the 
shuttlecock. 
Methods 
We interviewed two national-level coaches and six national players and asked them to 
describe their criteria for an effective short serve. Each player and coach were interviewed 
separately to ensure there were no influences on their answers. Moreover, the interviews 
were conducted 12 months prior to data collection to ensure that the results were not 
biased toward the answers previously provided. They agreed that the apex of the 
 shuttlecock trajectory should occur before the net, with low net clearance (see Figure 1). 
We therefore propose two new variables to measure accuracy of the trajectory 1) anterior-
posterior location of the shuttlecock at its apex relative to the net, 2) vertical height of the 
shuttlecock as it crosses the net. 
 
Figure 1. Diagram in side view indicating the trajectory of accurate and inaccurate short 
serves. Solid arrow represents apex location and dotted line represents net clearance. 
Data Collection 
Eight national-level badminton players volunteered for the study (age: 23.4 ± 5.1 years, 
body mass: 73.2 ± 11.1 kg, height: 175 ± 8.6 cm). All players were free from injury at the 
time of testing, wore their normal match attire, and used their own racquets. A badminton 
court was marked out on an indoor court at the Australian Institute of Sport, a net was 
placed in accordance with the International Badminton Federation standards. Players 
performed badminton-specific play for warm-up and to familiarize themselves with the 
testing environment. Players were instructed to serve their normal short serve and 
 performed 30 serves to the edge of the opponents’ service square near the line that bisects 
the service squares, i.e. the most common area during a competitive match.  
To undertake three-dimensional motion analysis to track the trajectory of the shuttlecock 
for the short serve, reflective tape was placed around the base of the head of the 
shuttlecock and a 22 camera motion-capture system with a sampling rate of 250 Hz 
(VICON Oxford Metrics Ltd., Oxford, UK) was used. Shuttlecock trajectories were filtered 
using a 6 Hz (which was determined using residual analysis) low-pass Butterworth filter 
[16]. To replicate match conditions as best as possible, an opponent was present to return 
each serve, meaning the shuttlecock was tracked from racquet-shuttlecock contact to the 
final frame before the opponent returned the shuttlecock. The study was approved by 
Edith Cowan University Human Ethics Committee and players gave informed consent 
prior to testing. 
Data Analysis 
The trajectory of the shuttlecock was tracked and processed using VICON Nexus software 
(VICON Oxford Metrics Ltd., Oxford, UK). A global coordinate system was used, and 
(0,0,0) reference point was created where the player was serving from, thus the 
shuttlecock positions were positive from racquet-shuttlecock contact point. Shuttlecock 
position at apex and net clearance were calculated using custom-written code in Matlab (v 
9.2, The Mathworks Inc, Chatswood, NSW, AU). Apex location was determined by finding 
the position (anterior-posterior axis) of the shuttlecock at its most vertical point and was 
subtracted from the net position. The net clearance of the shuttlecock as it passed over the 
net was subtracted from the net height to calculate net clearance. Since the short serve 
usually travels over the centre of the net and the service position is close to the centre line, 
the side to side (medio-lateral position) was ignored. The median was selected as an 
indicator of individual and group accuracy as some players performed many more accurate 
 serves than the other players, therefore the data were skewed. The median better 
represents the most typical value in the data set. Median apex location and median net 
clearance for each player was calculated. An accurate serve had an apex location closer to 
the server than the median and net clearance below the median. Serves where the apex 
location was further than the median and net clearance was greater than the median were 
classified as ‘inaccurate’ serves. Serves that met only one of the criteria were classified as 
‘apex good’ or ‘clearance good’ as appropriate.  
Results 
The two components of trajectory accuracy are shown in Figure 2 for each of the eight 
players separately and collectively (Figure 2 – ALL). The vertical dashed line indicates the 
group median for apex location, and the horizontal dashed line indicates the group median 
for net clearance. Zero on both axes indicates the position of the net. Serves that fell below 
the median for apex location and net clearance are located in the bottom left quadrant 
(green), and were classified as ‘accurate’ serves, while the trials located in the top right 
quadrant (red) did not meet either of the criteria and were classified as ‘inaccurate’. Serves 
in the top left quadrant (black) had good apex location, but were higher over the net than 
the median. Similarly, serves in the bottom right quadrant (black) had low net clearance 
but the apex was closer to the server than the median.  These serves were classified as 
either ‘apex good’, or ‘clearance good’, respectively. In the sub-plots for each player (Figure 
2: P1 to P8) the horizontal and vertical dotted lines indicate the individual player’s median 
for apex location and net clearance. Table 1 shows the percentage of serves that were 
classified as accurate, inaccurate, apex location, or clearance good for each player.  
According to this method of assessing accuracy, the most accurate server of the group was 
player 5, followed by player 2, whilst the least accurate players were 3, 4, and 7. Players 1, 
 6, and 8 had several more accurate than inaccurate serves. The most accurate servers also 
produced the least number of inaccurate serves. Although some of the players had a low 
total number of accurate serves analysed, they often satisfied either apex location or net 
clearance. For example, players 3 and 4 did not meet both criteria in any serves, however 
57% and 55% of their serves had net clearance below the group median. Similarly, for 
player 8, 62% of serves were below the group median for apex location but all of the net 
clearances were higher than the group median. 
 
Figure 2. Shuttlecock positions at apex and net clearance for P1-P8. X-axis is the position 
of the shuttlecock at its apex (mm). Y-axis is the position of the shuttlecock clearance 
 relative to the net (mm). Dash line represents median apex location (horizontal) and net 
clearance (vertical) location of shuttlecock as a group (bottom right). Dotted line 
represents median apex and net clearance of shuttle for individual players. Bottom left 
quadrant indicates good apex location and net clearance, while top right quadrant 
indicates bad apex location and net clearance, top left or bottom right quadrant represents 
serves that met only one of the criteria. 
Table 1. Percentage of individual accuracy scores against the group median. 
Individual accuracy scores (%) 
Player % Accurate % Inaccurate % Apex Good % Clearance Good 
1 34 25 16 19 
2 40 13 33 13 
3 0 37 7 57 
4 0 40 5 55 
5 60 10 25 5 
6 36 25 18 21 
7 11 63 21 5 
8 33 5 62 0 
Note. Comparison of individual accuracy scores with group median. 
Discussion 
This new method of assessing accuracy based on the trajectory of the shuttlecock was 
developed following discussion with national-level coaches and athletes. Service practice in 
which an emphasis is placed on optimizing landing location accuracy without regard for 
trajectory accuracy reinforces techniques that produce serves that have a different 
trajectory to those required in competition. Instead, we propose that athletes practice 
creating a trajectory with the optimum features of apex location and net clearance. 
Few players achieved high overall accuracy scores, however most players were still able to 
satisfy one of the two accuracy requirements (i.e. below the group median) even when both 
apex location and net clearance weren’t simultaneously achieved. Knowing which aspect of 
the trajectory is less accurate allows athletes to alter trajectory to improve accuracy. In 
order to optimize accuracy, various constraints can be created in the practice environment 
to encourage different trajectories, such as barriers and hoops at different distances and 
heights [2]. However, an opponent will often move toward the net once the server has 
 made contact with the shuttlecock in a match, and these match-specific constraints should 
also be incorporated into the practice environment. 
The medio-lateral (or side-to-side) movement of the shuttlecock was not deemed an 
important component for a short serve by the coaches and players as the vast majority of 
short serves travel over the centre (i.e. lowest point) of the net. The purpose of this is so the 
shuttlecock takes the lowest trajectory over the net, ensuring the opponent contacts the 
shuttlecock from a lower point, providing a greater advantage for the server, therefore the 
medio-lateral component was not analysed. However, this study has created a simpler 2D 
methodology (Figure 3) to use as a training aid or as a quantification measure to record 
short serve accuracy for coaches and players. Short serve trajectory accuracy can be 
measured using a single camera and standard biomechanical procedures; the camera 
should be aligned perpendicular to the net at an appropriate distance to capture the 
trajectory of the shuttlecock (see Figure 3) with a sampling rate of 200 Hz and a shutter 
speed of 1/500 s [17]. Calibration of the camera can be performed using an object of known 
size so that the digitized image can be converted into metric units [18]. A range of free and 
licensed tracking and digitizing software is available (e.g. Kinovea, SIMI Motion, etc.) to 
track and obtain the position of the shuttlecock at apex location and net clearance. Once 
these two variables are obtained, accuracy scores can be reported individually or as a group 
(as shown above). 
  
Figure 3. A schematic of the proposed single camera setup to capture the trajectory of the 
shuttlecock for the short serve to be used by coaches and athletes. 
 
Conclusion 
The proposed method of assessing shuttlecock trajectory as a measure of accuracy could be 
adopted by coaches and players to assess and improve short serve accuracy. Furthermore, 
this method is more representative of a match environment since the shuttlecock rarely 
lands because the opponent returns the serve. Future research should examine whether the 
shuttlecock trajectory observed under match conditions would land in (or near) the target 
locations used in practice; although the rules require the serve to land in the service box, it 
is unclear whether this would be the case because the opponent returns the shuttlecock 
before it lands. This would determine whether the focus on shuttlecock trajectory, which is 
essential in matches, then reduces landing accuracy i.e. are the two forms of accuracy 
mutually exclusive. 
Acknowledgements 
The authors would like to thank Wayne Spratford for his contribution during the data-collection 
phase.  
Conflict of interest disclosure 
The author(s) declared no conflicts of interested with respect to this research article. 
 Funding 
The authors would like to thank the Australian Institute of Sport, International Badminton 
Federation, Edith Cowan University, and Badminton Australia who collaboratively funded the 
project. 
  
 References 
1. Duncan MJ, Chan CK, Clarke ND, Cox M, Smith M. The effect of badminton-specific exercise on 
badminton short-serve performance in competition and practice climates. Eur J Sport Sci 
2017;17(2):119-26 doi: 10.1080/17461391.2016.1203362. 
2. Freeston J, Rooney K. Throwing speed and accuracy in baseball and cricket players. Percept Mot Skills 
2014;118(3):637-50 doi: 10.2466/30.PMS.118k25w4. 
3. Escamilla RF, Speer KP, Fleisig GS, Barrentine SW, Andrews JR. Effects of throwing overweight and 
underweight baseballs on throwing velocity and accuracy. Sports Med 2000;29(4):259-72  
4. Edwards B, Waterhouse J, Atkinson G, Reilly T. Effects of time of day and distance upon accuracy and 
consistency of throwing darts. J Sports Sci 2007;25(13):1531-8 doi: 
10.1080/02640410701244975[published Online First: Epub Date]|. 
5. Finnoff JT, Newcomer K, Laskowski ER. A valid and reliable method for measuring the kicking accuracy 
of soccer players. J Sci Med Sport 2002;5(4):348-53  
6. Kerr R, Ness K. Kinematics of the field hockey penalty corner push-in. Sports Biomech 2006;5(1):47-61 
doi: 10.1080/14763141.2006.9628224. 
7. Maquirriain J, Baglione R, Cardey M. Male professional tennis players maintain constant serve speed and 
accuracy over long matches on grass courts. Eur J Sport Sci 2016;16(7):845-9 doi: 
10.1080/17461391.2016.1156163. 
8. Rojas FJ, Cepero M, Ona A, Gutierrez M. Kinematic adjustments in the basketball jump shot against an 
opponent. Ergonomics 2000;43(10):1651-60 doi: 10.1080/001401300750004069. 
9. Schmidt A. Movement pattern recognition in basketball free-throw shooting. Hum Mov Sci 2012;31(2):360-
82 doi: 10.1016/j.humov.2011.01.003[published Online First: Epub Date]|. 
10. Lust KR, Sandrey MA, Bulger SM, Wilder N. The effects of 6-week training programs on throwing 
accuracy, proprioception, and core endurance in baseball. J Sport Rehabil 2009;18(3):407-26  
11. Huang JS, Pietrosimone BG, Ingersoll CD, Weltman AL, Saliba SA. Sling exercise and traditional warm-
up have similar effects on the velocity and accuracy of throwing. J Strength Cond Res 
2011;25(6):1673-9 doi: 10.1519/JSC.0b013e3181da7845. 
12. Lyons M, Al-Nakeeb Y, Hankey J, Nevill A. The effect of moderate and high-intensity fatigue on 
groundstroke accuracy in expert and non-expert tennis players. J Sports Sci Med 2013;12(2):298-308. 
13. French E, Stalter E. Study of skill tests in badminton for college women. Res Q 1949;20(3):257-72  
14. Chen LM, Pan YH, Chen YJ. A Study of Shuttlecock's Trajectory in Badminton. J Sports Sci Med 
2009;8(4):657-62  
15. Martin TA, Greger BE, Norris SA, Thach WT. Throwing accuracy in the vertical direction during prism 
adaptation: not simply timing of ball release. J Neurophysiol 2001;85(5):2298-302  
16. Yu B, Gabriel D, Noble L, An KN. Estimate of the optimum cutoff frequency for the Butterworth low-
pass digital filter. Journal of Applied Biomechanics 1999;15(3):318-29  
17. Dingenen B, Malfait B, Vanrenterghem J, Verschueren SM, Staes FF. The reliability and validity of the 
measurement of lateral trunk motion in two-dimensional video analysis during unipodal functional 
screening tests in elite female athletes. Phys Ther Sport 2014;15(2):117-23 doi: 
10.1016/j.ptsp.2013.05.001. 
18. Norris BS, Olson SL. Concurrent validity and reliability of two-dimensional video analysis of hip and knee 
joint motion during mechanical lifting. Physiother Theory Pract 2011;27(7):521-30 doi: 
10.3109/09593985.2010.533745. 
 
